ancer

In occupational cancer epidemiology, many studies are car-
led out without access to information on smoking and other
oteritial confounding variables. It is unclear whether such
eficiencies are likely to cause serious bias in estimates of
neer-occupation associations. An empiric investigation was
carried out to determine the effect of inclusion or exclusion of
hree variables—smoking, ethnic group, and socioeconomic
gtatys—on estimates of pdds ratios (OR) between £5 occupa-
ions and three types of cancer—Iung, bladder, and stomach.
f the 75 associations studied, only one OR was distorted by
ore than 40% when comparing un gglusted with_adjusted
ogtimatos; three were distorted by between 80% and 40%; four
‘others by between 20% and 80%. Of the eight associations
‘which were distorted by more than 80%, seven involved lung
ancer and one invelved bladder cancer; none invelved stomach
cancer. An additional analysis was carried out on the 25 lung
‘cancer-occupation associations to determine whether the na~
ture of the stratification on smoking (fe, whether crude or
“precise” categories were used) gave different OR estimates.
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The differences in ORs induced by different parametrizations
of the smoking variable were relatively small,

Our results support the view that relative risks between
lung cancer and occupation in excess of 1.4 are unlikely to be

artifacts due to uncontrolled confounding. For bladder and

R resiiniahirkts T it
stomach cancer, the corresponding cut point may be as low as
.87 In studies of o¢cupation and cancer, uncontrolled con-
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founding dus to smokmg and social class may not be as serious

uch of the activity of epidemiologic research re-

volves around the thorny issue of controlling for
confounding factors. There has been considerable theo-
retical development in the past few decades concerning
the mechanisms of confounding and statistical methods
to adjust for confounding factors.’™ Different authors
have given varying, and even conflicting definitions of
confounding,® A covariate can be said to confound the
association between an exposure and a disease if the
measure of association between exposure and disease
differs according to whether or not the estimate is
adjusted for the covariate. For a covariate to be a
confounder, it must be associated with the exposure of
interest (in the nondiseased base population) and with
the disease under study (in the base population free of
the exposure of interest).

If it is not possible to control for confounding in the
design of a study, the best estimate of an association is
obtained when the true confounding covariates are
known, have been measured precisely, and have been
adjusted for in the analysis. Adjusting for more co-
variates than is necessary will not lead to bias but it
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can reduce precision.’ Failure to adjust for true con-
founders can lead to bias; we refer to this as confounding
bias.

The most common study design in occupational cancer
epidemiology has been the historic cohort study based
on company or union records, in which a work force’s
mortality experience is compared to that of a standard
population, usually the entire country. In these studies
adjustments can usually be made for sex, age, race, and
calendar year but, typically, information on several
other potential confounders (eg, smoking and social
class) is not available. Another important study design
in this field is exemplified by the United Kingdom
Registrar General’s Decennial Report,” in which death
certificate information on cause of death and occupation
is used to derive proportionate or standardized mortal-
ity ratios. Here again, information on smoking is usually
unavailable in such studies. It is reasonable to question
whether cancer-occupation associations estimated in
such studies have been distorted by confounding.

From theory, it has long been known that the con-
founding bias in estimation of a disease-exposure rela-
tive risk cannot be greater than the weaker of the two
associations: confounder-disease and confounder-expo-
sure.”™® Stronger statements can be made about the
upper limits of confounding bias, which indicate that
the degree of confounding bias is likely to be much less
than the lesser of the two associations mentioned
above.*® How this theory translates into practice de-
pends, of course, on the particularities of the confoun-
der-disease and confounder-exposure associations. Al-
though relationships between cancer, occupation, and
covariates undoubtedly differ somewhat from place to
place and study to study, there may be encugh in
common that empiric evidence from one situation illus-
trates the likely order of magnitude of confounding
effects.

Asp' and Blair et al'* provided some empiric evidence
that the absence of smoking information was not a
serious source of confounding in cancer-occupation stud-
ies. Since the generalizability of such empiric evidence
is questionable, we intended to replicate and extend
their findings in a different milieu, using a different
approach. We chose to evaluate the possible confounding
effect on cancer-occupation associations of three vari-
ables which have been shown to be related to cancer
risk and which are often associated, in one way or
another, with occupation-—namely smoking, ethnic
group, and socioceconomic status (SES). These are vari-
ables which, unlike age, sex, and race, are seldom avail-
able for members in historic cohort studies. Confounding
bias related to smoking, ethnic group, and SES was
assessed in the context of estimating the associations
between 25 occupations and three sites of cancer—lung,
bladder, and stomach. The battery of 75 associations
examined covers a wide range of cancer-occupation-
confounder situations and may thus be relevant to other
investigators confronting similar situations. Specifi-
cally, the present report addresses the following ques-
tions concerning the estimation of these associations:
(1) Is the estimate affected by whether the covariates

(smoking, sccioeconomic status and ethnic group) are
adjusted for individually, in combination, or not at all?
(2) Does it matter whether the smoking information
used is crude or detailed?

The data used to address these issues were collected
as part of a large case-control study of occupational
factors in cancer. Several cancer sites were included.
For each subject, information was obtained on the job
history and on a variety of social and demographic
variables. Thus it was possible to assess cancer-occu-
pation asscciations with and without controlling for
covariates and with different forms of control for co-
variates.

Methods

Since 1979 we have been conducting a cancer case-
control study designed to assess associations between
several sites of cancer on the one hand and scores of
occupational exposures on the other. Eligibility criteria
for cases included the following: male, aged 35 to 70
years, resident in the Metropolitan Montreal area, with
a newly diagnosed tumor of any of the 19 sites of cancer
selected for study. All major hospitals in the area have
participated, thus providing a population-based series.
In addition, a general population control series was
selected from electoral lists. Each eligible subject was
approached for an interview. The interview concerned
details of the subject’s job history as well as information
on potential confounders. For each case series, control
subjects could be selected among the other cancer case
subjects, among the population control subjects, or
among both. Detailed explanations of the design and
study methods have been published elsewhere,'*'® as has
a set of substantive results.™

The present analyses were based on 4,079 subjects
who were interviewed between September 1979 and
December 1985. We decided to focus attention on three
sites of cancer which are among the most common in
our data set and which have distinct relationships to
the potential confounders: lung, with 791 cases; bladder,
with 461 cases; and stomach, with 231 cases. Separate
apalyses were carried out for each site of cancer as a
case series. The pool of control subjects consisted of a
group of 533 “population controls” plus a group of 2,083
patients with cancer of one of the other 16 sites. For
the analyses of bladder cancer and stomach cancer, all
2,596 eligible control subjects were used. Lung cancer
was exceptional in that we ascertained and interviewed
lung cancer case subjects only in 3 of the 6 years of the
study. To ensure comparability we restricted the pool
of control subjects for lung cancer to those subjects
interviewed during the same years in which lung cancer
was ascertained. Thus there were 1,305 control subjects
for the lung cancer case subjects.

Each job held by a subject was classified into a seven-
digit job classification code according to the standard
Canadian Dictionary of Occupation Titles.'® For the
present purpose, this was regrouped into 57 categories
based on the first two or three digits of the classification
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code. A person was considered to be exposed to an
occupation if he worked for at least 6 months at that
oecupation.

The objects of attention are the odds ratios between
the three sites of cancer and the various occupation
categories. For each cancer-cccupation association, sev-
oral estimates were made of the odds ratio, each esti-
mate adjusted for a different set of covariates. It is the
variation in odds ratios across these sets of covariates,
for a given association, that is of interest here. The
degree of variation indicates the extent to which it
matters whether the putative confounders are adjusted

In fact, the observed variation in estimates of an odds
ratio across different sets of covariates has two compo-
nents: one due to true confounding effects of one or more
of the putative confounders and another due to sampling
variation. Since we are interested in the component due
to confounding, it is desirable to minimize the component
due to sampling variation; this was accomplished by
restricting attention to those results hased on relatively
large sample sizes. That is, rather than analyzing the
associations between the three sites of cancer and all 57
job categories, we used only the 25 occupations which
had the most subjects. The percentage of all 4,079 study
subjects who had ever worked in these selected occupa-

tions (ie, the percentage “exposed”) ranged from 2.6%
to0 28.3%. Table 1 shows the occupations selected and
the numbers “exposed” to each cccupation among each
of the three case series.

The interview provided information on many potential
confounders, including age, cigarette smoking, ethnic
group, and sociceconomic status. As stated above, age
is usually available in epidemiologic studies and it would
be of purely academic interest to determine the con-
founding effects of its hypothetical absence. Therefore,
we routinely included age as a variable to be adjusted
for in all analyses. To facilitate communication, we will
use the phrase “unadjusted” odds ratio to signify one
that has been adjusted for age only; any adjusted odds
ratio that we refer to will have been adjusted for age as
well as for the other variables mentioned. Sex and race,
two variables that are similar to age in that they are
ususally available, were not at issue in our study, since
the data set includes only men and virtually only white
subjects.

Although there are a large number of ethnic groups
in the Montreal area, the main group consists of French
Canadians who constitute about 65% of the population
and who have maintained a distinet cultural identity.
Most of the rest are also of European origin, the largest
subgroup being of British/Irish descent. Sociceconomic

TABLE 1
Occupations Selected for Study, Number of Subjects in Each Occupation, and Numbers of Exposed Cases for Each of the Three Site Series as Well as for
Controls
Total Case Subjects Control
Occupation Group Exposed Bladder Stomach Lung Subjectst
No. Cancer Cancer Cancer

dministrative 533 70 19 62 382
iences, engineering 227 30 10 33 154
138 25 7 14 92

803 91 32 157 523

934 126 41 151 616

827 94 49 176 508

291 30 21 62 178

359 32 22 87 218

377 41 33 81 222

172 13 22 48 89

Metal processing 108 11 3 33 61
Food processing 236 25 16 45 150
Metal machining 189 25 7 39 118
Metal shaping 259 35 10 60 154
Metal products fabrication 133 13 6 34 80
Electrical equipment fabrication 137 12 12 29 84
Wood products fabrication 102 13 8 26 55
Textile products fabrication 248 24 18 41 165
Mechanics 375 33 23 78 241
Other product fabrication 198 20 6 51 121
Excavating, paving 141 13 15 35 78
Electrical construction 106 17 7 17 65
Other construction 724 78 52 161 433
Motor transport 651 83 50 144 374
Materials handling 379 31 22 87 239
Total no. of ment 4,079 461 231 791 2,596

* The number of subjects who, at any time in their careers, worked for at least 6 months in the occupation. The four subsequent columns
present an exhaustive, mutually exclusive subdivision of the “total number exposed.” For each occupation group the “unexposed” consist of all
other men in the study, including those in occupations other than the 25 listed here. Note that the same man may appear in a few occupation
groups, depending on his job history. Thus the sum of the elements in each column far exceeds the number of men in the study (last row).

+ Controls comprise men with other types of cancer and popuiation controls.

# The total shown here counts each man only once and includes those who worked in the 25 listed occupations and those who worked in
other occupations.
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status was assessed in the questionnaire by asking the
respondent about family income in the preceding year.
For those 20% who refused to divulge this information,
we imputed socioeconomic status from the mean family
income of the census tract of residence. For smokers,
information was available on age when smoking began,
age when smoking ended (for ex-smokers), and average
amount smoked per day. We were thus able to derive
the duration of smoking, the intensity (or amount per
day), and a cumulative pack-year variable.

There are various possible procedures for estimating
the odds ratic (OR) between disease and exposure,
adjusting for various covariates. The most frequently
used ones are logistic regression and the Mantel-Haen-
szel estimator.* Because of the large number of analyses
to be carried out, it was more convenient to use Mantel-
Haenszel methods. A special program has been devel-
oped for the purpose.'® The results from logistic regres-
sion analysis of the same data are not likely to be very
different.

For each of the three types of cancer (lung, bladder,
and stomach), an analysis was carried out to determine
the variation in odds ratio estimates according to
whether or not smoking, ethnic group, and SES were
included in the analysis as confounders.

Eight odds ratio estimates were calculated for each
of the 3 X 25 site-occupation associations. One was
adjusted only for age; the others were adjusted for age
plus each of the seven possible combinations of the three
covariates: (1) smoking only, (2) ethnicity only, (8) SES
only, (4) smoking and ethnicity, (5) smoking and SES,
(6) ethnicity and SES, (7) smoking, ethnicity, and SES.
In those analyses, ethnicity was dichotomized (French/
other), SES was dichotomized (below 80 percentile/
above 80 percentile), and smoking was trichotomized
according to cumulative amount smoked in cigarette-
years (0/1-599/600+).

The variation in odds ratio estimates of the same
association describes the possible impact of confounding
by these variables. The ratios of adjusted to unadjusted
odds ratios were used as indices of confounding bias.
Implicit in our approach is the assumption that the
degree of confounding bias can be meaningfully esti-
mated independently of the strength of a disease-expo-
sure relationship. That is, the same confounding bias
may distort a true odds ratio of 1.0 to become 1.5 or a
true odds ratio of 2.0 to become 3.0. Since it is the
magnitude of the bias rather than its direction which is
of interest, it is convenient to compute all measures of
confounding bias with the larger odds ratio in the
numerator and the smaller odds ratio in the denomina-
tor. Thus,

confounding bias ratio = larger OR/smaller OR

where the two ORs are estimates of the same disease-
occupation odds ratio, but incorporating different con-
founder stratifications.

Because of the strong association between smoking
and lung cancer, it is of interest to determine whether
different measures and categorizations of smoking as a
confounder variable lead to different results. For this

purpose, seven cigarette smoking variables were cre-
ated:

1. never/ever

2. never/daily intensity 1-19 cigareties/20+ cig-
arettes

3. never/daily intensity 1-9 cigarettes/10-19 cig-
arettes/20-39 cigarettes/40+ cigarettes

4. never/duration 1-29 years/80+ years

8. never/duration 1-19 years/20-29 years/30—49
years/560+ years

8. never/cumulative amount 1-199 cigarette-
years/200-599 cigarette-years/600—1,499 ciga-
rette-years/1,500+ cigarette-years.

The cut points were chosen to maximize differences
in risk among subcategories and to provide approxi-
mately similar frequency distributions across the three
scales of duration, intensity, and cumulative amount. To
determine the effect of different types of control for
cigarette smoking, we estimated each lung cancer-oc-
cupation odds ratic eight times, once without any control
for smoking and once with each of the seven smoking
variables as confounders.

Results

Table 2 shows percentages of heavy smokers, low SES,
and French Canadians among the 25 occupations used
for these analyses. The occupations have varying pro-

TABLE 2
Selected Characteristics of the 25 Occupation Groups Under Study, Among
the 2,596 Subjects Who Were Used as Controls*

Total Heavy French Low
Occupation Group Exposed, Smokers, % ' Income,
No. % %

Administrative 382 51.8 50.8 14.1
Sciences, engineering 154 47.4 35.1 104
Teaching 92 32.6 554 17.4
Clerical 523 57.6 60.0 25.3
Sales 616 59.1 61.4 23.9
Protective services 508 67.9 55.5 30.3
Food services 178 64.6 68.0 41.0
Other services 218 67.9 62.4 47.7
Other farming 222 57.2 56.8 35.6
Forestry 89 76.4 86.5 43.8
Metal processing 61 59.0 52.5 443
Food processing 150 56.7 61.3 38.7
Metal machining 118 67.0 56.8 28.0
Metal shaping 154 61.7 61.0 39.0
Metal fabrication 80 68.8 72.5 36.2
Electrical fabrication 84 52.4 52.4 29.8
Wood fabrication 55 61.8 63.6 43.6
Textile fabrication 165 58.2 47.9 29.7
Mechanics 241 67.2 60.6 29.9
Other fabrication 121 67.8 62.8 32.2
Excavating 78 64.1 55.1 48.7
Electrical construction 65 61.5 63.1 21.5
Other construction 433 65.1 65.8 34.0
Motor transport 374 §9.2 73.5 38.0
Materials handling 239 66.5 69.0 38.1

Among all controls 2,596 58.2 59.9 29.9

* This table concerns the subjects used as controls in the case-
control analyses, namely, the population controls and cancer patients
used as controls.

620 Confounding Bias in Cancer-Occupation Associations/Siemiatycki et al

— —NMaterial may be protected by copyright law (Title 17, U.S. Code)



files for these variables. For instance, among teachers
there were 32% heavy smokers, whereas the corre-
sponding figure among motor transport workers was
89%. Among scientists and engineers, 35% were French,
whereas the corresponding figure among forestry work-
ers was 86%. Table 3 addresses the second side of the
confounding triangle, the covariate-disease association.
Lung cancer is associated with each of the three co-
variates, most strongly, as expected, with cigarette

: TABLE 3
Odds Ratios (OR) Between Each of the Three Case Series and Each of the
Covariates

Covariate
Categories Compared

SESt: low v other
Ethnicity: French v other
Smoking: light v never
Smoking: heavy v never

Disease OR*

Lung cancer

-
O N e =

SES: low v other
Ethnicity: French v other
Smoking: light v never
Smoking: heavy v never

Bladder cancer

N = b
MwoOor NOORN DOoONW

SES: low v other
Ethnicity: French v other
Smoking: light v never
Smoking: heavy v never

Stomach cancer

—t ok b -

* Mantel-Haenszel odds ratio controlling for age.
1 SES, socioeconomic status.

smoking. Both bladder and stomach cancer appear to be
associated with cigarette smoking, and stomach cancer
is associated with SES. Since the covariates are associ-
ated with both the diseases and the occupations, there
is opportunity for confounding.

Table 4 shows the odds ratios across eight covariate
combinations between lung cancer and each of the 25
selected occupations. The table also presents, for each
lung cancer-occupation association, three measures of
confounding bias: one based solely on the ratio between
the smoking adjusted odds ratio vis-a-vis the unadjusted
odds ratio, a second based on the most adjusted com-
pared to the unadjusted odds ratio, and another based
on the maximum diserepancy between the unadjusted
OR and any of the adjusted ORs. Nearly all values of
the first confounding bias factor were below 1.20. The
only exception was that for teachers, for whom it was
1.62. This is in part a reflection of the fact, as shown in
Table 2, that teachers had a particularly deviant smok-
ing profile. The third measure of confounding bias, based
on the maximum discrepancy from the unadjusted odds
ratio is of course the one that produces the greatest
values and represents a “worst-case” indicator of bias
if confounders are mnot adjusted for. Among the 25
occupations under consideration, five have maximum
confounding bias factors above 1.20: teachers (1.72),
forestry workers (1.38), scientists and engineers (1.35),
electrical workers in construction (1.29), and other
service workers (1.25). It is noteworthy that the most

TABLE 4
Odds Ratios (OR) Between Lung Cancer and Each of 25 Occupation Categories, Adjusting for Eight Different Combinations of Smoking, Socioeconomic Status
(SES) and Ethnic Group

QOdds ratios with the following covariates included in addition to age

Confounding bias factor”

3 - Most
Occupation None Smoking SES Ethmic SmoKing/ Smoking/  Ses/ SE';:;E?/ Smoking sé“:ﬁf.!ﬂ?’ Maximum  Discrepant
OR, OR, OR, OR, g:'s‘s Eg‘;'c Fiie ses I sgg ~ Discrepancy  ORit
- y s OR, i

Administrative 0.48 0.51 0.53 0.51 0.56 0.54 0.55 0.58 1.07 1.21 1.21 CR,
Sciences, engineering 0.65 076 073 071 0.84 0.81 0.79 0.88 1.17 1.35 1.35 OR;
Teaching 044 071 0.48 0.46 0.76 0.70 0.50 0.74 1.62 1.70 1.72 OR,
Clerical 1.01 1.02 1.03 1.01 1.04 1.02 1.03 1.04 1.00 1.02 1.02 OR,
Sales 075 072 078 0.74 0.74 0.71 0.76 0.73 1.05 1.02 1.05 OR,
Protective services 106 095 1.07 1.10 0.95 0.97 1.08 0.96 112 1.10 112 OR;
Food services 1.01 093 094 098 0.88 0.92 0.93 0.89 1.09 1.3 1.14 OR.,
Other services 1.30 1.15 118 1.33 1.06 1.18 1.23 1.10 113 1.18 1.23 OR,
Farming 1.11 1.16 1.08 1.14 114 1.17 1.1 1.16 1.04 1.04 1.05 OR;s
Forestry 1.99 1.70 1.79 177 1.56 1.56 1.62 1.45 1.17 1.38 1.38 OR;
Metai processing 1.68 1.53 155 1.76 1.45 1.56 1.63 1.48 1.10 113 1.16 OR,
Food processing 090 088 0.84 088 0.84 0.87 0.84 0.84 1.01 1.06 1.07 OR:
Metal machining 1.19 1.07 1.18 1.21 1.06 1.08 1.21 1.10 1.12 1.08 1.12 OR,
Metal shaping 1.22 117 119 1.24 1.13 1.16 1.22 1.13 1.05 1.08 1.08 OR;
Metal fabrication 1.30 114 1.27 1.26 1.13 1.14 1.23 112 1.14 1.16 1.16 OR,
Electrical fabrication 115 1.32 1.15 1.19 1.31 1.34 1.17 1.32 115 1.15 1.147 ORs
Wood fabrication 1.39 1.24 129 1.32 117 1.20 1.24 1.14 1.11 1.22 1.22 CR,
Textile fabrication 076 066 078 0.80 0.68 0.68 0.81 0.69 1.16 1.10 1.15 OR,
Mechanics 1.18 1.08 116 1.19 1.07 1.10 1147 1.09 1.09 1.08 1.10 OR,
Other fabrication 1.34 1.26 1.33 1.34 1.26 1.26 1.35 1.25 1.06 1.07 1.07 OR;
Excavating 1.48 1.42 1.37 146 1.36 1.41 1.38 1.37 1.03 1.07 1.07 OR,
Electrical construction 1.15 1.03 1.28 1.09 1.12 1.00 1.22 1.08 1.11 1.06 1.15 OR;s
Qther construction 1.27 1.16 123 1.256 1.13 1.16 1.22 113 1.10 1.12 1142 OR,
Motor transport 1.37 115 125 1.27 1.07 1.10 1.18 1.03 1.19 1.33 1.33 OR;
Materials handiing 1.21 1.16 1156 1.12 1.11 1.10 1.08 1.07 1.04 1.14 1.14 OR,

*| = the greater of OR,/OR, or OR¢/OR; il = the greater of OR,/OR, or OR,/OR;; lll = the greater of OR/OR, or OR,/OR; where OR; is the

most discrepant of the seven ORs from OR,.

+ This is the OR, which is most discrepant from OR, and which served to compute factor Hll.
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discrepant of the seven adjusted odds ratio estimates
was most often (12 out of 25 times) the most adjusted
estimate, OR., indicating that the confounding effects
of the three confounders were often in the same direc-
tion.

Table 5 presents the distribution of the confounding
bias factors for each set of covariates represented by a
column in Table 4, as well as the distribution of bias
factors for the maximum discrepancy between the un-
adjusted and any of the adjusted estimates. It is clear
from this table that the inclusion of smoking as a strat-
ification variable had a greater effect in modifying
unadjusted values than did the inclusion of SES or
ethnicity. The inclusion of all three covariates together
in the analysis produced the greatest effects.

Another set of analyses was carried out on the same
25 associations between lung cancer and selected occu-
pations, this time with varying degrees of detail on
smoking as the stratification variable for the Mantel-
Haenszel odds ratio estimates. Seven different smoking
variables were created ranging from the crudest
(never/ever) to a five-category variable integrating
information on duration and intensity of smoking.
Rather than showing the odds ratios for each occupation
and each confounder stratification, we show in Table 6

in summary form the distribution of eight indices of
confounding bias. These are analogous to the eight
indices shown in Table 5, with the first seven corre-
sponding to the comparison of each form of smoking
adjustment with the unadjusted estimate and the last
representing a worst-case situation based on the maxi-
mum discrepancies between adjusted and unadjusted
estimates. The last column shows that five occupations
had a confounding bias factor higher than 1.20 with one
or other of the seven smoking adjustments: teachers
(1.62), scientists and engineers (1.87), forestry workers
(1.26), electrical workers in construction (1.24), and
motor transport workers (1.84).

The estimates based on the crudest smoking adjust-
ment (“never/ever” status) hardly different from the
unadjusted estimates; 20 of 25 were within 10% of the
unadjusted value and ounly one of 25 differed by more
than 20%. The three-category smoking stratification
variables, especially those based on duration and cu-
mulative cigarette-years, provided greater dispersion
from the unadjusted value. The five-category variables
provided somewhat greater dispersion than the thres
category variables.

An analysis was carried out for bladder cancer-occu-
pation associations and another for stomach cancer-

TABLE §
Distribution of Confounding Bias Factors for Each of Seven Stratifications by Smoking, Socioeconomic Status (SES), and Ethnicity Compared with the Estimate
Unadjusted for Those Variables, for the Associations Between Lung Cancer and 25 Occupations*

Confounder Stratificationt

Based on Maximum

Confounding Bias
Factor

Smoking/

Discrepancy Between

Smoking/ Ethnicity/

Smoking SES Ethnicity SES Ethnicity SES Al OR, and the ORs
1.00-1.10 13 20 23 9 12 18 10 7
1.10-1.20 11 5 2 11 g ) 9 11
1.20-1.30 0 0 0 4 3 2 2 3
1.30-1.40 0 0 0 0 0 0 3 3
1.40-1.50 0 0 0 0 0 0 0 0
1.50-1.60 0 0 0 0 0 0 0 0
1.60-1.72 1 0 0 1 1 0 1 1
Total associations 25 25 25 25 25 25 25 25

* For each cancer-occupation association, the confounding factor equals the greater of OR//OR, or OR,/OR,, where OR; is adjusted for age
only, and OR; is one of the seven estimates adjusted for some combination of smoking, ethnicity, and SES in addition to age.

T The number of strata in each stratification equals the product of the numbers of categories of each covariate included. Age has two
categories and was included in all stratifications. Smoking, SES, and ethnicity had three, two, and two categories, respectively. Thus, for
example, the column headed “Smoking/SES” had 2 (age) X 3 (smoking) % 2 (SES) = 12 strata in the analyses.

TABLE 6
Distribution of Confounding Bias Factors for Each of Various Stratifications of Cigarette Smoking Compared with the Estimate Unadjusted for Smoking for the
Associations Between Lung Cancer and 25 Occupations®

Smoking Stratification (No. of Categories Including Nonsmoker)t

Confounding Bias
Factor

Based on Maximum

Ever(2) Intensity(3) Intensity(S) Duration(3) Duration(5) Pack-years(3) Pack-years(5) Discrepancy Between
OR, and the OR;s
1.00-1.10 20 19 15 15 12 13 10 7
1.10-1.20 4 5 9 6 9 11 11 13
1.20-1.30 1 0 0 3 2 0 3 3
1.30-1.40 0 1 1 0 1 0 0 1
1.40-1.50 0 0 0 0 0 0 0 0
1.50-1.62 0 0 0 1 1 1 1 1
Total associations 25 25 25 25 25 25 25 28

* For each cancer-occupation assaciation, the confounding factor equals the greater of OR/OR, or ORo/OR;, where OR, is adjusted for age
only and OR, is one of the seven estimates adjusted for smoking history, in addition to age.
T Each OR was adjusted for age (two categories) in addition to smoking. The numbers of strata were thus twice the numbers indicated in the

column headings.
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ceupation associations, similar to that described in
ables 4 and 5 for lung cancer. By contrast with the
ung cancer results, the confounding bias factors for
oth bladder and stomach cancer were concentrated in
he range 1.00 to 1.10. There was little variation across
he various combinations of confounders. For illustra-
ye purposes, we show in Table 7 the distribution of
ias factor corresponding to two of the confounder com-
inations—smoking only and all three covariates-—for
oth stomach and bladder cancer. For both sites of
noer, the distribution corresponding to the worst-case
saximum discrepancy ratio was identical to that cor-
esponding to the ratio for all three covariates. For
dder cancer, only the category “teachers,” with a
ximum confounding bias factor of 1.26, had a value
ve 1.20; 20 of 26 were below 1.10. For stomach
cer, there was even less effect: none of the confound-
ig bias factors was above 1.15.

 Before discussing the substance of the findings, it is
essary to address some aspects of our approach.
nfounding bias can be estimated accurately only if we
ow which covariates are true confounders and what
& the optimal parametrization of these confounders and
we have very precise estimates of the true and of the
nadequately adjusted odds ratio. Qur estimates of con-
nding bias are undoubtedly exaggerated because the
variation in odds ratio estimates embodies not only
founding bias but also statistical sampling error.
us the various distributions of confounding bias sum-
rized in Tables 4 to 7 would be closer to 1,00 if there
re no sampling error. Furthermore, by presenting
maximum ratio of adjusted to unadjusted odds ra-
s, we highlighted the worst-case scenario.

Even if confounder variables have been identified and
sasured in a study and statistical adjustments have
béen carried out, this does not imply that the confound-

TABLE 7

stribution of Confounding Bias Factors® for the Stratification by Smoking,

Sociceconomic Status (SES), and Ethnicity Compared with the Estimate

Unadjusted for These Variables, for the Associations Between Bladder
Cancer and 25 Qccupations and for the Associations Between Stomach

: Cancer and 25 Qccupations

Bladder Cancer Stomach Cancer
Confounder Confounder
Confounding Bias Stratificationt Siratificationt
Factor
Smoeking/ Smoking/
Smoking Ethnicity/ Smoking Ethnicity/
SES SES
1.00-1.10 23 20 24 20
1.10-1.20 1 4 1 5
1.20-1.30 1 1 0 0
Total associations 25 25 25 25

*For each cancer-occupation association, the confounding factor
equals the greater of OR/OR, or OR./OR;, wher OR, is unadjusted,
&%d OR; is adjusted for smoking only or for smoking, ethnicity and
S.
t+ Al ORs were adjusted for age as well as for the variables
hdicated here.

ing has been completely controlled. On the contrary,
residusl confounding can arise in varicus ways: error in
the measurement of the confounder covariate(s) and
less than optimal stratification or modelling of the co-
variate(s). This is as much true in our attempts to
control for confounding as it is for other investigators.
However, we measured variables and conducted the
statistical analysis in ways that are typical. The com-
parisons among different estimates and the inferences
to be drawn are, therefore, likely to be representative
of what other investigators may expect.

The use of cancer controls is a common, albeit contro-
versial, strategy in cancer case-control studies. How-
ever, it is not at issue here since our present purpose is
not to derive valid odds ratios but rather to describe
the variation in estimates generated by different strat-
egies for the control of confounding. It is noteworthy,
however, that, despite the use of cancer controls, the
relative risk estimates for smoking vis-a-vis stomach,
bladder, and lung cancer (shown in Table 2) are very
similar to those found by Doll and Peto'” in a cchort
study among British physicians.

Finally, it should be emphasized that the inferences
from the present study are by no means limited to case-
control studies. That is, although the dats bank and
methods of analysis pertained to a case-control situa-
tion, the inferences about confounding bias are equally
applicable to any epidemiologic design to estimate can-
cer-occupation relative risks.

One of the criteria used by epidemiologists to distin-
guish trus from false associations is the strength of the
association. That is, among two relative risk estimates
which have equal levels of statistical significance but
one of which is much greater than 1.0 while the other
is closer to 1.0, the larger one is considered more likely
to reflect a true association than the smaller one. This
consideration follows from the recognition that some
degree of bias is quite likely in any nonexperimental
study. Small excess relative risks, even if they are
statistically significant, are often interpreted with great
caution, if not skepticism. Although there has been no
explicit consensus on what level of excess relative risk
should be considered too small to be taken seriously, we
believe that many epidemiologists use a cut point in the
range of 1.2 to 1.5 for this purpose.'®*® Our results
indicate that a cut point in this range is reasonable for
studies of cancer-occupation associations. Of the 75
associations studied (three cancers, 25 occupations),
only four manifested confounding bias factors in excess
of 1.80. Of these four, only one exceeded 1.40, that for
the lung cancer-teacher association. Thus the most ex-
treme distortion was by a factor well under 2.00. For a
study in which interoccupation group variation in smok-
ing, socioeconomic status, and ethnic group is similar to
that in our base population, a cancer-occupation relative
risk estimate in the range of 2.00 or greater is most
unlikely to be an artifact due to lack of adjustment by
smoking, ethnic group, or sociceconomic status. Since
these are among the major social factors commonly
considered as confounders, it is unlikely that such as-
sociations would be due to confounding by other social
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factors (excepting age, sex, and race which can usually
be taken into account). In fact, our results would indi-
cate that relative risks greater than 1.40 for lung cancer
asscciations and greater than 1.20 for bladder and
stomach cancer associations are unlikely to be attrib-
utable to confounding bias. On the other hand, our
results also imply that relative risk estimates as low as
1.20 for lung cancer associations or 1.10 for bladder or
stomach cancer associations run a fair chance of being
attributable to confounding bias, even if they are “sta-
tistically significant.”

The generalizability of our findings must be qualified.
The variation between occupations in smoking, ethnie,
and social characteristics may differ in other countries
from what it is in Canada. Furthermore, the fact that
our entire study population was drawn from a single
city may mean that the interoccupation variation in
smoking and social class was smaller than it would be
in a national population in which occupation may well
be associated with region of residence which may itself
be an important correlate for smoking behavior. If this
were the case, then our bias estimates would be lower
than those pertaining to a national study, such as that
reported by the Registrar General.” A second caveat
concerns the possibility that workers in a single plant,
which is usually the basis of a cohort study, may be
more discrepant from the national norm in smoking and
social class than are all members of a particular occu-
pation group. Our study concerned all members of the
85 selected occupation groups who entered the study
sample. Typically, the subjects in each occupation group
were drawn from a wide variety of industries and work-
places. A given company or plant may have had some
recruitment practices that would have had the effect of
selecting a work force with ethnic and smoking char-
acteristics quite atypical of that occupation as a whole.
In a cohort study of such a work force, confounding bias
could be greater than in our study.

Given the strength of the association between smoking
and lung cancer, it was not surprising that the confound-
ing effects, such as they were, were more pronounced
when smoking was adjusted for than when SES or
ethuicity were adjusted for. The joint confounding effect
of multiple covariates can, in theory, be much mors
serious than the effect of each individually.* It is thus
of interest to note that we found little in the way of a
joint confounding effect. Adjusting for all three co-
variates had slightly more effect than adjusting for
smoking alone.

In the comparison of estimates based on different
stratifications of smoking, it was noteworthy that the
three category variables based on duration and pack-
years performed much better than the simple two-cat-
egory smoking variable “never/ever.” Five-category
smoking variables performed only slightly better than
the three-category variables. The present analysis was
not a systematic comparison of confounding resulting
from alternative smoking stratifications. It may be that
different cut points from the ones used on the smoking
intensity scale would have provided effects equivalent
to those seen for the duration and pack-years variables;

however, we doubt it. The cut points on the three scales
provided roughly equal distribution of subjects across
the various strata, and the odds ratic estimates com-
pared with nonsmokers were about equal in the different
strata for the three variables. The differences in effects
of “intensity” as a confounder as opposed to “duration”
and “pack-years” are likely due to lesser variability in
intensity than in duration across the different occupa-
tions.

There have been two studies similar to this one. Asp,'°
using Finnish data on interoccupation variation and
making some reasonable assumptions on lung cancer
risks in different smoking categories, algebraically de-
rived the confounding bias factors that could be ex-
pected in lung cancer-occupation associations that werse
not adjusted for smoking. The results were similar to
ours in that 23 of 25 occupations groups manifested
confounding bias factors less than 1.30 and none ex-
ceeded 1.50. Blair et al,"’ using data from a large
American cohort study, carried out a fully empirical
analysis, as we did, to estimate associations between
three types of cancer (lung, bladder, intestine) and a
large number of occupations, adjusted for smoking only
and unadjusted. The only associations which manifested
confounding bias factors above 1.30 were based on very
small numbers, and statistical variability was as likely
an explanation as bias. The results were in general
similar to ours, although theirs were expressed in terms
of correlation coefficients between adjusted and unad-
Jjusted values. The similarity of findings in Finland, the
United States, and Montreal lends some weight to their
generalizability.

The optimal strategy in any study is to collect as
much quality information on potential confounders as
possible as well as on the disease and exposure of
interest. Not only does this permit some means of re-
ducing or eliminating confounding bias but it also pro-
vides a means of detecting offect modification. However,
given limited resources for epidemiologic investigation,
and limitations inherent in data sources, it may be
necessary to compromise on data quality and quantity.
In setting priorities, investigators should concentrate
on the “first-order” elements of a study, namely, appro-
priate selection of study subjects and reliable measure-
ment of the disease and exposures of interest. Confound-
ing is a “second-order” element of a study and should
generally be accorded the attention that this ordering
of priorities implies.

The epidemiologic literature on occupational cancer
is dominated by cohort and national death certificate
standardized or proportional mortality ratio studies in
which there has been no control for confounders other
than age, sex, race, and possibly state or county of
residence. In the absence of evidence about the strength
of the possible confounders, it is legitimate to question
how much weight to attribute to this body of literature.
Our results, plus those of others,'®! lead to the encour-
aging conclusion that findings from such studies, where
smoking, SES, and ethnicity were not available, are
unlikely to be seriously distorted by confounding due to
these factors. Our findings also imply that the inability
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to collect information on smoking or ancther potential
confounder should not, in itself, be considered a fatal
flaw in any proposed study, although prudence would
usually dictate that it should be collected if technically
and financially feasible.

We certainly do not advocate uncritical acceptance ol}

cancer-occupation results or any others. Confounding
bias can, in some circumstances, cause serious distor-
tions and one should be concerned to avoid confounding
bias if one is planning a study or to evaluate its impact
if one is interpreting a study. However, often there is
little information to go by in trying to estimate the
impact of missing confounder information. Our findings
may provide a guidepost. Of course, confounding is one
of several sources of bias in a typical epidemiologic
study, and all sources should be considered when inter-
preting results.
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